The need for rapid development in developing countries has led to establishment of major public infrastructure even in biodiversity rich protected areas. Mikumi National Park in central Tanzania is traversed by five such major infrastructures namely an optic fibre, a busy public road, an oil pipeline, power lines and railways. We assessed diversity and abundance of small terrestrial mammals of the order Eulipotyphla and Rodentia as indicator groups in relation to impacts of such infrastructure. Animals were live trapped during wet (February-April) and dry (JulySeptember) seasons in 2018 from three established plots along the three transects set perpendicular to each of the four infrastructures. In 10102 trap nights, we captured 453 small mammals of nine species of which Mastomys natalensis constituted 75.4 % of total catch. Diversity and abundance varied between seasons, infrastructure and plots location. Dry season had significantly higher diversity than wet season and the railway site had higher diversity than the other infrastructure. The intermediate plots (500 m from infrastructure) had significantly higher abundance of animals than immediate (0-50 m) and distant (1000 m) plots. The differences in these results can be attributed by seasonal fluctuations of animal populations, and intensity of disturbance in each infrastructure and plot. It is important to examine impacts of future infrastructure developments using small mammals.
Introduction
Infrastructure development is one of the factors affecting biodiversity in various parts of the world. In developing countries, the need for rapid development has led to establishment of public major infrastructure such as roads, railways, oil pipelines and power lines even in biodiversity rich protected areas (Costantinos, 2011) . In Tanzania for example, a number of infrastructures have been established in protected areas such as public roads along the Ngorongoro Conservation Area, as well as Katavi, Serengeti, and Mikumi National Parks. In some cases like Mikumi National Park which is the focus of this study, there are five types of major infrastructures; namely an optic fibre, a public road, an oil pipeline, overhead power lines and railways. Some infrastructures were established prior to the establishment of Enviromental Impact Assessment (EIA) regulations in the country. Sometimes, due to political motives and the economic urgency need of such infrastructure, some were established without conducting proper EIAs (Guilanpour & Sheate, 1997) . Thus, failure of conducting an EIA might have led to paucity of baseline data which would be available for evaluation of short-and long-term effects of such infrastructure to the environment and particularly to wildlife, after their establishment.
There is a number of recent literature reporting the effects of these infrastructure on wildlife. Trombulak and Frissell (2000) in their review concluded a high correlation between presence of roads with changes in species composition and population size. Coffin (2007) also gave an overview of ecological effects of roads including noise and other atmospheric pollution, barrier for animal movement and road mortalities, roads as habitats, corridors and conduit for wildlife and finally development of road ecology as a body of scientific enquiry. On the other hand, Laurance, Goosem and Laurance (2009) report effects of roads being more prominent in tropical rainforests than other ecosystems due to their complexity. The effects of railways on wildlife are more or less similar to those of roads as reported in Dorsey, Olsson and Rew (2015) and Popp and Boyle (2017) . However, some cases and magnitudes of impact differ from roads for instance electrocution, rail entrapments and wire strikes, therefore demand different mitigation measures. The power lines pose additional effects of electromagnetic fields which cause avoidance by some animals (Bartzke et al., 2014) . Oil spills from pipelines add to the effects, despite being rare they can be very devastating on environment and last for longer time (Richardson et al., 2017) . Most of the available studies are not only based in Europe and America (Benítez-López, Alkemade & Verweij 2010; Richardson et al., 2017) , but they are also largely focused on large animals in relation to separate infrastructure types. This focus may not always be considered as effective representative of small mammals (Caro, 2001) especially from tropical savannahs.
The nature of small mammals such as their relatively small size, high reproductive capacity, rapid invasion, easy to capture and identify, has made them useful ecological indicators (Merrit 2010) . Through their presence, absence, diversity and abundance they can indicate various forms of ecological disturbances such as fire (Converse et al., 2006) , grazing (Mugatha, 2002) and deforestation (Kirkland, 1990) but also ecosystem succession and integrity (Ecke, 2002; Sullivan, Lautenschlager & Wagner, 1999) . In this paper, we report diversity and abundance of small mammals as indicators for disturbance of four linear infrastructures in Mikumi National Park, Eastern Tanzania. We hypothesize that, the diversity and abundance of small mammals will increase along a gradient of distance away from the four infrastructures.
Materials and Methods

Study area
The Mikumi National Park is located in eastern Tanzania between 7°00' and 7°50'S and between 37°00' and 37°30'E. It is the fifth largest national park in Tanzania established as a Game Reserve in 1954 and later upgraded to a national park in 1964, covering 3,230 km 2 (TANAPA, 2013). The park is surrounded by settlements except in the south where it borders Africa's largest game reserve and a World Heritage Site, the Selous. The altitude of the park ranges from 230 m on the Mkata Flood Plain, to 1,270 m at the Malundwe Mountains, which are part of the Eastern Arc Mountains. This altitudinal range gives the park heterogeneous habitats ranging from grassland to mixed woodland mosaics, that support a rich diversity of flora and fauna. The park harbours about 1,600 species of plants and over 60 mammal species. It is also home for around 500 avifauna both resident and migratory (TANAPA, 2017) . Mikumi National Park is uniquely transversed by five linear infrastructures. First the TANZAM highway, which connect Tanzania and Zambia, crosses the park at a stretch of about 50km. Second, parallel to TANZAM is Tanzania Zambia Mafuta (TAZAMA) pipeline, commissioned in 1968 with a diameter of 8-12 inches crossing the park with almost a similar stretch and recently an optic fibre introduced in 2016. In addition, the park is traversed by two railways; the abandoned Tanzania Railway Corporation (TRC) (commissioned in 1977) and Tanzania Zambia Railway Authority (TAZARA) (commissioned I975). Finally, two high tension power lines (commissioned between 1979-1984) 
Small Mammals Sampling
Small mammals were trapped during both wet (February to April) and dry (July to September) seasons in 2018 from three established plots along the three transect lines set perpendicular to each infrastructure. A preliminary survey was conducted to establish suitable areas for establishing the transects. Areas with similar topography was considered suitable in order to avoid topographical variations, which also determines differences in both plants and animal diversity (McCain, 2005; Wikum & Wali, 1974) . The immediate plot in each transect was set immediately after the right of way (ROW) margin of each infrastructure, the intermediate and distant plots were set at 500m and 1000m respectively.
The transects were set 2km apart and the plot had 100 m x 100 m size with two trap lines spaced at 50 m. The trap lines had 10 Shermans live traps (230 x 95 x80 mm, H. B. Sherman's Traps, Inc., Tallahassee, FL, U.S.A.) placed 10 m apart, and baited with fried sardines and peanuts (Figure 2 ). For places where two infrastructure overlap, for example the road and pipeline, additional sampling was conducted to determine whether the combination of the two had different effects to small mammal community.
In principle target animals were small terrestrial mammals of the order Eulipotyphla and Rodentia. Traps were checked and re-baited (when necessary) once a day from 07:00 hrs. for six consecutive days. Checking of traps was confined in mornings only after preliminary surveys, resulting in insignificant captures in the afternoons. Captured animals were identified by aid of a field guide (Kingdon, 1997) , marked by shaving on the underside of the animal in a specific pattern and released at the point of capture in order to score recaptures. For animals which were not able to identify immediately pictures were taken for further identification later. 
Data Analysis
For easy analysis understanding of the data the infrastructure was coded as RD = highway, PP = pipeline, RP = combination of highway and pipeline, PW = power line and RL= railway. Statistical comparisons of Shannon-diversity was computed and compared between plots and seasons by diversity t-tests (Hutcheson, 1970) in PAST software (Hammer, Ryan, & Hammer, 2001 ). Due to insufficient captures, animals were grouped into three groups namely, Mastomys natalensis, Crocidura species and others which includes all the other species. These groups were specifically used for assessment of trap success. Trap success for each day in each plot was obtained by dividing total number of trapped individuals to the total of trapping effort times hundred trap nights. Due to high number of zeroes which lead to over dispersion of data, Zero Inflated Poisson (ZIP) (Zuur, Walker, Saveliev, & Smith, 2009 ) was employed to model the influence of species, season, infrastructure and plot distance on trap success. Graphs for trapping success were plotted in R software while results was considered as statistically significant at 95% Confidence Interval (p < 0.05).
Results
During a total of 10102 trap nights 453 individuals (plus 41 recaptures) were recorded of which 148 and 305 individuals were trapped in wet and dry season sessions, respectively. The animals belong to three orders (Carnivora, Eulipotyphla and Rodentia), of which four species (Mastomys natalensis, Lemniscomys rosalia, Acomys wilsoni and Crocidura spp) were captured in the wet season. In the dry season additional five species (Gerbilus spp, Aethomys spp, Dasymys incomtus, Arvicanthis spp and a baby mangoose Herpestes sanguineus) together with those captured in the wet season were captured, making a total of nine species during the whole study. The most abundant species was Mastomys natalenis followed by Crocidura spp (Table 1) . 
Small Mammal Diversity
In general Shannon diversity was marginally higher (p < 0.01, df = 373) during the dry (H = 1.03) than wet season (H = 0.63). Pairwise comparison of plots indicated a significant higher diversity of small mammals in the immediate than distant plots (t = -2.14, df = 64, p = 0.036) during the wet season but no significant variation was observed during the dry season. Comparisons of diversities between plots across infrastructure and seasons is shown in Table 2 . RD = Highway, PP = Pipeline, RP = Highway and pipeline, PW = Powerline, RL= Railway ns = not significant. Figure 3 . Trap success (mean ± SE) of small mammals along the gradient of distance from infrastructure in Mikumi National Park (2018) during dry and wet seasons Overall trap success was higher during the dry season than the wet season. The power line and pipeline sites had relatively higher number of catches compared to the railway, road and combination of road and pipeline (Table  3) . Crocidura spp had similar trapping success during both seasons but M. natalensis and others had significantly higher trapping success during the dry season. Additionally, there were higher catches of Crocidura spp and others in the intermediate plots in both seasons. M. natalensis had more or less similar trap success in all plots in wet season while slightly higher trap success in the intermediate plots during the dry season. (Figure 3 ). 
Trap Success of Small Mammals
Discussion
Diversity of Small Mammals
Our results show that the diversity of small mammals vary relatively between seasons and distance from the studied infrastructure. The slightly high diversity in the dry season could be attributed by high abundance and activity of individuals of some species on the onset the season which increase trappability rate. Martin (1985) reports similar observation where population of small rodents in tropical sub humid grasslands increased after the rain season. The railway site had highest Shannon diversity (H'=1.65) of small mammals compared to other infrastructure. The difference in diversity could be attributed by differences in vegetation cover. The railway is situated in the southern part of the park which is predominantly covered by the miombo woodlands while the rest of other infrastructure located in the northern part of the park covered by wooded grassland (Mogba 2006) . Elsewhere it is reported that there is relative high diversity of rodents in areas with relative dense vegetation cover than open grassland (Magige, 2013; Saetnan & Skarpe, 2008) .
The immediate plots especially along road and pipeline had relative high diversity than the further plots during the wet season. This tendency could be explained by two reasons namely, there is scarcity of forage during onset of wet season therefore animals are likely to shift towards the road pipeline where there is readily available food staffs from passenger littering from vehicles along the highway and surveillance personnel along the pipeline. Also in the beginning of raining the greening begin earlier on road edges due to surface runoff therefore attract foraging animals. Nyahinga, Ringo, Mashalla, and Mayengo (2016) reported high degree of littering along the Mikumi highway, but also Drews (1995) reported attraction of some baboons towards the same highway.
Our study report lower diversity of small mammals compared to previous studies in Mikumi National Park (Venance, 2009 (Caro, 2001; Makundi et al., 1991; Mulungu et al., 2015) .
Trap Success of Small Mammals
High trap success in dry season could be attributed by high abundance of small mammals in the the season due to availability of cover and food which is plenty soon after the rainy season. Similar seasonal variations on small mammals abundance are reported by Caro (2001) in Katavi National Park Tanzania and Tilahun, Defar and Habte (2017) in Chebera Churchura National Park Ethiopia.
There were overall low catches along the highway, railway and combination of highway and pipeline. They could be attributed by the high frequency of human interference compared to power lines and pipeline sites. The frequent use by vehicles and trains, which require frequent mowing increase rates of human disturbance, as opposed to the power lines and pipeline where human movements are less frequent (Park ecologist, personal communication August 29, 2017). The high impact and activity by humans are probably the cause of avoidance by the small mammals (Peter et al., 2013) .
The results also show a significantly higher overall trap success in the intermediate plots. This tendency could be explained by the Intermediate Disturbance Hypothesis (IDH) given by (Connell, 1978) . Small mammals prefer moderately disturbed habitats, the intermediate plots in this study are considered moderately disturbed compared to immediate which is considered highly disturbed and distant plots which is considered less disturbed.
Mastomys natalensis on the other hand slightly deviated from IDH by having marginally high abundance in the immediate plots during the wet season. This could be due the generalist nature of M. natalensis which permit them persist in almost all habitats including the edge habitats. The species being synanthropic, could be moving towards the infrastructure edges to forage on cheaply available litter thrown by passenger along the infrastructure.
Conclusions and Recommendations
Infrastructure influences small mammal diversity and abundance within protected areas in various ways. Thus, an intermediate level of disturbance is desirable for increased abundance of small mammals. Further, seasonality influences both diversity and abundance along infrastructure such that it was higher in dry than wet periods. In addition, human disturbance vary between infrastructure and therefore call for different mitigation measures. Based on these findings we recommend infrastructure in protected areas to be well planned to avoid negative impacts on biodiversity by reducing fragmentation of habitats. We also recommend increased conservation education and law enforcement within protected areas to the public to reduce unnecessary littering in PAs. Enhanced wildlife management requires detailed periodic surveys of small animals in the park for updated biodiversity records and information.
